Background: This present study aimed to investigate the correlation of long non-coding RNA THRIL (lnc-THRIL) with acute respiratory distress syndrome (ARDS) risk, disease severity, inflammation, and mortality in sepsis patients.
| INTRODUC TI ON
Sepsis is defined as life-threatening organ dysfunction resulted from dysregulated host immune response and systemic inflammation to microbial infection. 1 It is estimated to influence more than 19 million people each year globally, and the in-hospital mortality rates are around 15%-25% for sepsis patients. 2, 3 Pulmonary dysfunction such as acute respiratory distress syndrome (ARDS) is one of the predominant organ dysfunctions caused by systemic inflammation, uncontrolled cytokine, or release of other mediators, which not only contributes to the high mortality of sepsis but also reduces the quality of life for sepsis survivors. 4, 5 Although our understanding about the pathogenesis of sepsis has progressed with the focus shifting from pathogenicity of microorganisms to the host inflammation and immune response, it does not substantially lead to improvement of treatment outcomes of sepsis. Instead, the management of sepsis is still dependent on early recognition and adherence to the current standard treatment. 1 Therefore, exploration of biomarkers for end-organ dysfunction and novel therapeutic targets for sepsis is essential to improve the prognosis of sepsis patients.
Long non-coding RNA (lncRNA) is a class of RNAs longer than 200 nucleotides and does not contain protein-coding sequences. 6 Accumulating studies reveal that a number of lncRNAs are implicated in regulating gene transcription as well as etiology of immune or inflammatory diseases. 7, 8 Tumor necrosis factor (TNF)-related and heterogeneous nuclear ribonucleoprotein L (hnRNPL)-related immunoregulatory lncRNA (lnc-THRIL) is responsible for the transcription of TNF-α. 9 Clinical studies show that lnc-THRIL is involved in etiology of inflammatory diseases such as Kawasaki disease and systemic lupus erythematosus (SLE). 9, 10 Moreover, lnc-THRIL is also closely related with inflammation-induced cell injury, and it is critical for the development of ARDS when the injury of alveolar cells is severe, leading to increased permeability pulmonary edema in the lung. 11, 12 However, the function of lnc-THRIL in sepsis (a typical immune response-induced inflammatory disease) or its correlation with ARDS in sepsis patients is still not clear. Thus, we hypothesized that lnc-THRIL might participate in the pathogenesis of sepsis and contribute to ARDS risk in sepsis patients as well, and we aimed to investigate the correlation of lnc-THRIL with the risk of ARDS, disease severity, inflammation as well as mortality in sepsis patients. and (c) complicated with hematopoietic system disease or malignancies. Besides, pregnant or lactating women were excluded from the current study as well. After admission, patients were supervised and screened daily to identify those with sepsis-associated acute respiratory distress syndrome (ARDS) according to the Berlin definition of ARDS, 14 and there were 32 patients developing ARDS during hospitalization. Furthermore, all enrolled patients were followed up until death in the hospital or discharge, and a total of 33 patients died in the in the hospital, which were defined as non-survivors, and 76 patients survived, which were defined as survivors. Written informed consents were obtained from all patients or their guardians after the study was approved by the Ethics Committee of the Hospital.
| MATERIAL S AND ME THODS

| Patients
| Samples collection
Blood samples of sepsis patients were collected within 24 hours after admission. The samples were divided into two aliquots, one was centrifuged at room temperature for separation of serum, and the other was centrifuged at 4°C for separation of plasma. Both serum and plasma were separated within 1 hour after blood samples collection and then stored at −80°C until determination.
| Determination of lnc-THRIL
Total RNA was extracted from plasma samples using TRIzol Reagent 
| Determination of inflammatory cytokines
Human enzyme-linked immunoassay (ELISA) kits (Abcam, Massachusetts, USA) were applied to determine the level of inflammatory cytokines in serum, including tumor necrosis factor (TNF-α), interleukin-1β (lL-1β), and IL-17. And all procedures of ELISA were performed in accordance with the manufacturer's instructions.
| Data collection
Patients' clinical and routine laboratory testing data were collected after enrollment, which included (a) clinical characteristics: age, gender, body mass index (BMI), smoke, chronic comorbidities (such as chronic obstructive pulmonary disease (COPD), cardiomyopathy, chronic kidney failure, and cirrhosis); (b) routine laboratory testing: serum creatinine (Scr), albumin, white blood cell (WBC), C-reactive protein (CRP), and procalcitonin (PCT). Moreover, acute physiology and chronic health evaluation (APACHE) II score used as an assessment of the severity of sepsis and the sequential organ failure assessment (SOFA) score used for the assessment of organ failure were also collected, which were evaluated within 24 hours after admission. 
| Statistical analysis
| RE SULTS
| Patients' characteristics
The mean age of 109 sepsis patients was 58.0 ± 10.7 years, and there were 80 males and 29 females. The numbers of patients who smoke, chronically complicated with COPD, cardiomyopathy, chronic kidney failure, and cirrhosis were 37(33.9%), 17 (15.6%), 38 (34.9%), 11 (10.1%), and 21 (19.3%), respectively. The mean APACHE II score and SOFA score were 16.3 ± 5.9 and 8.8 ± 4.2, respectively.
Other detailed patients' characteristics were listed in Table 1 .
| Upregulation of lnc-THRIL in sepsis patients developed ARDS
The occurrence rate of ARDS was 29.4% in sepsis patients during hospi- Figure 1B) . The sensitivity and specificity were 68.7% and 71.4%, respectively, and the lnc-THRIL relative expression was 2.583 at the best cut-off point. The best cut-off point was the point where the sum of sensitivity and specificity reached the maximum.
| Factors predicting ARDS in sepsis patients
Univariate logistic regression model analysis exhibited that lnc-THRIL relative expression (OR = 1.427, P = 0.003), age (OR = 1.041, P = 0.045), smoke (OR = 3.925, P = 0.002), COPD (OR = 4.545, P = 0.006), CRP (OR = 1.006, P = 0.029), and APACHE II score (OR = 1.114, P = 0.007) were correlated with increased risk of ARDS in sepsis patients ( Table 2) . Multivariate logistic regression further disclosed that lnc-THRIL relative expression (OR = 1.511, P = 0.034), smoke (OR = 3.983, P = 0.017), and COPD (OR = 9.193, P = 0.005) independently predicted increased risk of ARDS in sepsis patients.
| Correlation of lnc-THRIL with disease severity in sepsis patients
Spearman test illustrated that lnc-THRIL relative expression was positively correlated with APACHE II score (r = 0.519, P < 0.001) ( Figure 2A) and SOFA score (r = 0.393, P < 0.001) ( Figure 2B ) in sepsis patients.
| Correlation of lnc-THRIL with inflammatory markers in sepsis patients
Lnc-THRIL relative expression was positively correlated with levels of CRP (r = 0.421, P < 0.001) ( Figure 3A ), PCT (r = 0.251, P = 0.008) ( Figure 3B ), TNF-α (r = 0.357, P < 0.001) ( Figure 3C ), and IL-1β (r = 0.305, P = 0.001) ( Figure 3D ), but not correlated with IL-17 level (r = −0.072, P = 0.459) ( Figure 3E ) in sepsis patients. Data were presented as mean value ± standard deviation, count (percentage), or median (25th-75th quantiles). APACHE, acute physiology and chronic health evaluation; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; IL, interleukin; PCT, procalcitonin; Scr, serum creatinine; SOFA, sequential organ failure assessment; TNF, tumor necrosis factor; WBC, white blood cell. Figure 4A) , and it presented a great value in predicting mortality in sepsis patients with AUC of 0.780 (95%CI: 0.683-0.876) ( Figure 4B ). The sensitivity and specificity were 88.2% and 54.5%, respectively, at the best F I G U R E 1 Lnc-THRIL relative expression in ARDS and non-ARDS. Lnc-THRIL relative expression was higher in sepsis patients developed ARDS compared with those who did not (A) and had good value in distinguishing ARDS from non-ARDS (B 
TA B L E 1 Characteristics of sepsis patients
| Upregulation of lnc-THRIL in non-survival sepsis patients
| Subgroup analysis
Additionally, sepsis patients were subdivided into ARDS group and non-ARDS group, and correlations of lnc-THRIL with disease severity in subgroups were determined (Table 3) Figure 5D ). The biological complexity of lncRNAs enables them to participate in various biological processes such as gene transcription, cell state coordination, and disease progression, while only a small proportion of lncRNAs are studied. 6 As one of the novel lncRNAs, lnc-THRIL is initially disclosed to regulate the expression of TNF-α, which is a key mediator of inflammation and immune response by forming a complex with hnRNPL and then binding to the promoter region of TNF-α, and it influences the expression of inflammatory cytokines such as IL-1β, IL-6, and IL-8. 9, 11 Additionally, lnc-THRIL is reported to influence inflammation-related cell injuries in inflammatory diseases, and cell injury, especially alveolar epithelial cells injury that is one of the main contributors for the development of ARDS in sepsis. 11, 12 Considering that sepsis is an immune-induced inflammatory disease, and ARDS in sepsis is largely attributed to inflammation-induced injury to the cells in the lung, we hypothesized that lnc-THRIL might influence ARDS in sepsis. Our data revealed that 29.4% of sepsis patients developed ARDS during hospitalization, and lnc-THRIL was upregulated in sepsis patients developed ARDS with good value in distinguishing ARDS from non-ARDS in sepsis patients. The possible reason was that upregulated lnc-THRIL might induce the release of TNF-α as well as the subsequent boost of inflammatory mediators, which might elevate the level of radicals in lung microcirculation to injure the alveolar epithelial cells, thereby disrupted the barrier of lung microcirculation and subsequently increased the risk of ARDS in sepsis patients. 12 There have been only a few studies revealing the aberrant expression and function of lnc-THRIL in patients with inflammatory and auto-immune diseases. For instance, lnc-THRIL is upregulated in multiple sclerosis patients compared with healthy controls. 15 And lnc-THRIL is clearly lower in the acute phase compared with convalescent-phase in patients with Kawasaki disease. 9 The close association of lnc-THRIL with Kawasaki disease and multiple sclerosis as well as its correlation with TNF-α implicate that it may be involved in other inflammatory diseases, while it is not studied in sepsis yet.
| D ISCUSS I ON
Therefore, we were interested in whether lnc-THRIL was involved in the pathogenesis of sepsis or not, and discovered that lnc-THRIL was positively correlated with APACHE II score and SOFA score in sepsis patients. This might be attributed to that lnc-THRIL might initiate the transcription of TNF-α and thereby promote the inflammatory response in sepsis patients, which aggravated disease condition in sepsis patients. The positive correlation of lnc-THRIL with inflammation in sepsis patients was verified in our following analysis.
Although the function of lnc-THRIL in regulating inflammation
and immune responses has been disclosed, clinical studies investigating the correlation of lnc-THRIL with inflammatory markers levels in patients with inflammatory diseases are still obscure. Considering that the pathogenesis of sepsis is largely attributed to inflammation, we hypothesized that lnc-THRIL was correlated with inflammation markers levels in sepsis patients. 11 In this study, we disclosed that lnc-THRIL was positively correlated with CRP, PCT, TNF-α, and IL-1β Additionally, the association of lnc-THRIL with mortality in sepsis patients was assessed, which exhibited that lnc-THRIL was upregulated in non-survivors compared with survivors and was of good value in predicting mortality. The following subgroup analysis further validated the predictive value of lnc-THRIL on mortality in sepsis patients. This might be due to that lnc-THRIL facilitated inflammatory response by facilitating TNF-α and other inflammatory markers, hence, aggravated the disease severity and increased the risk of ARDS, which eventually led to poor survival in sepsis patients. It was also interesting to note that lnc-THRIL increased the mortality in both ARDS patients and non-ARDS patients. Therefore, we speculated that lnc-THRIL might increase the mortality in sepsis patients not only via raising the risk of ARDS, but also through other means, which needed to be further investigated.
This study remained several limitations. Firstly, this was a single center-based study with small sample size, which might lead to selection bias and poor statistical power. Secondly, the mechanism of lnc-THRIL in regulating inflammation was not investigated.
Thirdly, sepsis patients were followed up in the hospital or until discharge in this study, which was a relatively short follow-up period, and the survival of discharged patients needed to be evaluated as well.
In conclusion, lnc-THRIL predicts increased risk of ARDS and positively correlates with disease severity, inflammation, and mortality in sepsis patients.
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F I G U R E 5 Subgroup analysis of lnc-THRIL relative expression in survival and non-survival. For patients who developed ARDS, lnc-THRIL relative expression was reduced in survivors compared with non-survivors (A) and had good value in telling survivors from non-survivors (B). For patients did not develop ARDS, lnc-THRIL relative expression was decreased in survivors compared with non-survivors (C) and was of good value in distinguishing survivors from nonsurvivors (D). Difference of lnc-THRIL relative expression between two groups was determined by Wilcoxon rank sum test. ROC curves and the AUC were used to assess the value of lnc-THRIL relative expression in distinguishing non-survivors from survivors. P < 0.05 was considered significant. ARDS, acute respiratory distress syndrome; AUC, area under ROC curve; ROC, receiver-operating characteristic
